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Tni-E: THERMOPT ASTIC ELASTOMERS HAVtNG IMPROWn 
CURE 


TECHNICAL FIELD 

Embodiments of the present invention relate generally to thennoplastic 
elastomers and articles made using the thennoplastic elastomers. More specificaUy, the 
present invention concerns certain thermoplastic elastomers having unproved cure, 
thereby improving compression set resistance of articles made from thermoplastic 
elastomers. Various embodiments of the present invention generally relate to polymer 
blends which have a combination of both elastomeric and thermoplastic properties. 

BACKGROTTNn 

Thermoplastic elastomer (TPE) materials include those which generally have 
properties and performance similar to vulcanized rubber at service temperatures, yet 
can be processed and fabricated by methods commonly used to process 
thermoplastics. Thennoplastic elastomers can generally be reprocessed since they 
contain a thermoplastic component. / 

Thennoplastic elastomers based on blends of ethylene-propylene elastomeric 
polymere or ethylene, a-olefin. diene elastomeric polymers with semi-crystaffine or 
crystalline polymers are known. Typically such compounds are made by dynamicaDy 
curing the blend of rubber and resin. Shaped articles formed from the composition 
have generally elastomeric properties without the need for fiirther cure. 

In the past, such ethylene, alpha-olefin or ethylene, alpha-olefin, diene 
monomer elastomeric polymer/semi-crystalline or crystalline polyolefin type TPEs 
have found many uses. However, in some instances appUcation has been limited by the 
fact that the dienes generally commercially available for making the ethylene, alpha- 
olefin, diene monomer elastomeric polymer portion of the thennoplastic elastomer do 
not yield a generaBy fuUy cured elastomer phase when peroxide is the curative. For 
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purposes of this application, the term fiilly cured will mean any cure state above 95 
percent. The mechanism and means of determining cure state will be discussed further 
in this application. While a substantially fiill cure for previously available TPEs could 
be obtained by utilizing various non-peroxide curative mechanisms, peroxide cures of 
these or similar TPEs are generally not full cures because the amount of a peroxide 
compound necessary, combined with processing temperatures and shear (necessary for 
fiibricating articles from the TPE), generally causes undesirable side effects in the 
crystalline or semi-ciystalline polyolefin component of the TPE. These side effects 
may include, for example, cross linking of polyethylenes. In polypropylenes, a more 
common blend partner in TPEs, such side effects include chain scission of the 
polypropylene, resulting in an undesirable lowering of molecular wdght. Ther^ore. a 
manufacturer or processor of thennoplastic elastomers walks a narrow line, on one 
side of the line lies the desirable more fully cured elastomer, but a degraded or 
property diminished crystalline or semi-crystalline polyolefin portion; and on the other 
side of the line Ues a rubbo- portion with lower cure and a crystalline polyolefin 
portion that maintains substantially all of its original properties. 

Many known thennoplastic ekistomers utilize ethylene, alpha-olefin, diene 
monomer elastomeric polymers with varying amounts of a diene monomer generally 
selected from the group consisting of 5-ethylidene-2-norbomene, 1,4-hexadiene, 1,6 
octadiene, 5-methyl-l,4 hexadiene, and 3,7-dimethyl-l,6-octadiene. Genoally 
ethylene, alpha-olefin, diene monomer elastomeric polymers incorporating these types 
of dienes, when used in TPE compoations with peroxide curatives, aiffer from the 
above discussed trade-off of increasing cure varsus maintenance of the crystalline or 
semi-crystalline polyolefin properties. 

Substantially fiilly cured TPEs are available utilizing other curative systems, for 
instance, phenolic type cures; an example would be Santoprene® (Monsanto 
Company) rubber. The general advantage of any fully cured or substantially fiilly 
cured TPE material is that its mechanical properties will generally be more desirable 
than a TPE witii a lower degree of cure of the elastomer portion. However, the most 
important mechanical property for certain applications, resistance to compression set, 
will improve, generally witii greater cure state. In TPEs having an etiiylene, alpha- 
olefin. diene monomer elastomoic polymer cured less than 90 percent, compresaon 
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set is generally unacceptably high for many applications, especially at elevated 
temperatures. 

It would be desirable, therefore, to have a commercial TPE available which 
allows an increased cure state, while having a nunimum diminution of the ciystalline or 
semi-ciystalline polyolefin properties, as well as improved compression set resistance 
when compared to either partially cured peroxide, or substantiaUy folly cured phenolic 
materials. 


SUMMARY 

We have discovered that a TPE made with an ethylene, alpha-olefin, diene 
monomer elastomeric polymer containing vinyl norbomene as the diene monomer, 
generally exhibits unproved cure state over TPEs formulated with ethylene, alpha- 
olefin, diene monomer elastomeric polymers containing one or more dienes selected 
fi-om the group consisting of 5-ethyIidene, 1-2-norbomene, 1,4-hexadiene, 1,6 
octadiene, 5-methyl-l,4 hexadiene, and 3,7-dimethyH,6-octadiene. 

The TPEs of various embodiments of the present invention have improved 
physical properties over previously available peroxide-curable TPEs. Various 
embodiments of the present invention will include thermoplastic elastomer comprising: 
a) ethylene, alpha-olefin, vinyl norbomene elastomeric polymer, b) a ciystalline or 
semi-crystalline tiiermoplastic; and c) a curative. The curative wiU be present in the 
TPE at a level effective to achieve at least a 95 percent cure of the etiiyiene, alpha- 
olefin, vinyl norbomene elastomeric polymer. 

The ethylene content of the etiiyiene, alpha-olefin-vinyl noibomene elastomeric 
polymer is generaUy m the range of fi-om 40 to 90 mole percent, while tiie vinyl 
norbomene content is generally in the range of fi^om 0.2 to 5 mole percent. The 
remainder of tiie polymer will generally include an a-olefin. The preferred alpha-olefin 
is propylene. The Mooney viscosity (ML) of the ethylene, alpha-olefin-vinyl 
norbomene elastomeric polymer at 125° C will generaUy be greater than 10 . The 
thermoplastic component will be selected fi-om the group consisting of polypropylene, 
polyetiiylene, polybutylene, or their copolymers, polyetiiylene teraphthalate (PET), 
polybutyiene teraphtiialate (PBT), polyamide (PA), and combinations tiiereof The 
curative will generally be peroxides. 
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It will be understood by those of ordinary skill in the art that other additives, 
such as process oUs, plasticizers, fiUers, antioxidants, and other components necessary 
for the processing or end use properties, can be included without departing from the 
scope of the present invention 


BRIEF DESCRIPTTQN OF THE HP 4 WINGS 

These and other features, aspects, and advantages of the present invention will 
become better understood with reference with the foUowing description, appended 
claims, and accompanying drawings where: 

Figure 1 shows co-catalyst influence on polymer compositional distribution. 

Figure 2 shows the effect of moisture uptake in tPEs (moisture uptake as 
percent weight gain at 97 percert rdative humidity plotted against time). 

Figure 3 shows the effect of cure syston on stress relaxation of TPEs at 100" 
C, plotting relative force vo^s log time (seconds). 

Figure 4 shows a comparison of mass uptake (%) in chemical immersion for 
peroxide cure and resin cure TPEs. 

DESCRIPTION 
Introduction 

Various embodiments of this invention concern certain classes of thermoplastic 
elastomers (TPEs), produced by dynamic vulcanization, and articles fabricated from 
these TPEs. These TPEs have unique properties which make them particulariy well 
suited for use in producing certain classes of febricated polymeric articles. Such 
articles include, but are not limited to, medical tubing, gaskets, seals, o-rings, air bag 
door coverings. Up seals, automotive components e.g. boots, bellows, weather strips, 
and the like. Such articles generally have combinations of properties rendering them 
superior to similar articles previously available from peroxide, substantially partially 
cured TPEs. AdditionaMy, the TPEs of certain embodiments of the present invention 
show a surprising increase in their abiUty to be cured via relatively low levels of 
curative and exhibit substantially improved resistance to compression set compared to 
previously available peroxide cured TPEs. TPEs of certain embodiments of the 
present invention have a cure state and resultant resistance to compression set, that 
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compares favorably with previously available resin cured TPEs. Furthermore, TPEs of 
certain embodiments of the present invention have a cure state and resultant resistance 
to compression set, that is better than that of previously available resin-cured TPEs. 
Moreover, the use of peroxide cure permits the user of the TPE to develop properties 
5 generally unattainable with a resin cure, for example, a -wiate color ahd non- 
hygroscopic properties. 

Following is a detailed description of certain preferred embodiments yviiHn the 
scope of this invention, preferred methods of producing these TPEs and preferred 
appHcations of these TPEs. Those sldlled in the art wUl appreciate that numerous 
1 0 modifications to these preferred embodiments can be made without departing fi-om the 
scope of the invention. For example, while the properties of TPEs are exemplified in 
lens gasketing, o-rings, lip seals, shaft seals, bellows, boots, air bag door covers, 
extruded profiles, and the like, the TPEs have numerous other uses. To the extent that 
the desoiption is spedfic, this is solely for the purpose of illustrating certam preferred 
1 5 embodiments of this invention and should not be takoi as limiting this invention to 
these specific embodiments. 

The use of subheadings in the Description is intended to asast the reader and is 
not intended to limit the scope of our invention. 

It has been discovered that the inclusion of vinyl norbomene as the non- 
20 conjugated diene component of an ethylene, alpha-olefin, diene monomo- elastomeric 
polymer portion of a TPE, produces TPEs havuig higher cure state, gen^^y at a 
lower peroxide curative levd, while substantially maintaining properties g«iendly 
attributable to the crystallme or soni-crystalline polyolefin portion of the TPE. 
Generally these TPEs will require Iowct levels of diene necessary to achieve similar 
25 physical properties to previously available TPEs. In these regards, the TPEs of the 
present invoition differ markedly fi-om convoitional pero»de cured TPEs containing 
ethylene, alpha-olefin, diene monomer elastomeric polymers utilizing as a comonomer, 
for example 5-ethylidene-2-norbomene, 1,4-hexadiene, 1,6-octadiene, 5-methyl-l, 4- 
hecadiene, and combinations thereof The ability to produce TPEs with a cure state 
30 gmerally in excess of 95 percent while maintaining physical properties attributable to 
the crystalline or semi-crystalline polymer, has generally been previously unattainable 
witii peroxide cure systems. The TPE compositions of certam preferred embodiments 
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of the present invention will generally have at least two polymeric components or 
groups of components, a ciystalline or semi-ciystalline polymer, and an ethylene, 
alpha-olefin, diene monomer elastomeric polymer. The combinations of these 
materials along with other additives, curatives, extenders, and the like, weU known to 
5 those of ordinaiy skill in the art can be achieved by several schemes including roll 
milling, internal mixing, twin screw extruding, and the like, preferably in a nitrogen or 
other inert atmospheres to maximize the efficiency of the cross linking reactions by 
peroxides. 

10 The Crystalline or Seini -Crv5ta!lir»> Polymer Comnnngnt 

The crystalline or semi-crystalline polymer resm used to make the TPE is a 
solid, generally high molecular weight plastic material made by polymerizbg or 
copolymerizing such olefins as ethylene, propylene, butene-1, pentene-1, 4-methyl- 
pentene-1, hexene-1, octene-1, and combinations thereof in any conventional manner. 
1 5 including so called PhiUips catalyzed reactions, conventional Ziegler-Natta type 

polymerizations, and catalysis such as metallocene catalyzed including, but not limited 
to metallocene-ahmioxane and metallocene-ionic activator catalysts materials. Also, 
the general crystalline or substantially crystalline material can be chosen from 
polyethylene terephthalate. polybutylene terephthalate, polyamide and combmations 
20 thereof. If polyethylene is the polyolefin material of choice, it wiU generaUy have a 

density in the range of fix>m 0.86 to 0.97 g/cc. Preferred ranges: 0.86 to 0.97, 0.88 to 
0.95, with the most prefored being in the range of from 0.90 to 0.92 g/cc. 
Polypropylene is a preferred polyolefin plastic and wffl generally have a highly 
crystalline isotactic or syndiotactic form. Often the density of polypropylene is in the 
25 range of fiwn 0.85 to 0.91 g/cc. Largely isotactic polypropylene has a density 

generaUy in the range of from 0.90 to 0.91 g/cc. Generally ciystalUne copolymers of 
propylene with ethylene, butene-1, hexene-1, 4-methyl-l-pentene, octene-1 
combinations thereof and the like are also contemplated. High and ultra high 
molecular weight polypropylene of fractional melt flow rate is prefeired, genetaUy 
indicated by a mdt flow rate less than or equal to 1 .0 dg/min. Melt flow rate (MFR) of 
the polypropylenes wiU be in the range of 0.1 to 30, preferably 0.1 to 10, more 



30 
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preferably 0.3 to 0.9, dg/min.. most preferably a melt flow rate less than or equal to 0.8 
dg/min. (ASTM-D1238). 

The semi-ciystalline or crystalline polymer will be generally present in the TPE 
composition in the range of from 10 to 900 parts per hundred rubber (phr); preferably 
in the range of from 20 phr to 200 phr; more preferably in the range of from 20 phr to 
100 phr 

The polyolefins suitable for use in the compositions of the invention include 
thermoplastic ciystalline polyolefin, or semi-ciystalline homopolymers and copolymers. 
As used in the specification and claims the term polypropylene includes homopolymers 
of propylene as well as reactor copolymers of polypropylene which can contain 1 to 
40 wt percent ethylene and/or an a-olefin comonomer of 4 to 16 carbon atoms and 
mixtures thereof 


The Ethylene. Alnha-nii.r.n^ Vinvl Nnrhnm ^ ne Elastic Polvmer Comnon^nt 

The ethylene, alpha-olefin, diene monomer elastomeric polymer component 
contains ethylene in the range of from 40 to 90 mole percent, preferably in the range of 
from 50 to 90 mole percent, more preferably in the range of from 50 to 85 mole 
percent, based on the total moles of the elastomeric polymer. The elastomeric polymer 
comains vinyl norbomene in the range of 0.2 to 5 mole percent, preferably in the range 
of from 0.2 to 4 mole percent, more preferably in the range of fix>m 0.2 to 3 mole 
percent, most preferably in the range of from 0.4 to 1.5 mole percent, based on the 
total moles of the elastomeric polymer. The balance of the elastomeric polymer wffl 
generally be made up of an alpha-olefin, selected from the groups consisting of 
propylene, butene-1. 4-methyI-l.pentene, hexene-1, octene-1, decene-1 and 
combination thereof Preferred are propylene, hexene-1 and octene-1. The alpha- 
olefin or alpha-olefins will be present in the elastomeric polymer in the range of from 
10 to 60 mole percent, preferably 10 to 50 mole percent, more preferably 15 to 50 
mole percent. 

The elastomeric polymer will have a Mooney viscosity generally at least 10 
{ML(l+4), 125" C), preferably at least 15, more preferably at least 20 and MST 
[(5+4), 200* C], below 90, preferably below 70, more preferably below 60. MST 
values above 90 are also contemplated as long as the polymer is substantially gel free. 
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For peroxide cure ^plications, vinyl norbomene containing ethylene, alpha- 
olefin, diene monomer elastomeric polymers of comparable diene content generally 
require lower levels of peroxide to attain the same cure state compared to ethylene, 
alpha-olefin diene monomer elastomeric polymers with, for example, 5-ethylidene-2- 
noibomene, as the termonomer. Typically 20 to 50 percent lower peroxide 
concentrations can be realized to reach the same cure state using ethylene, alpha- 
olefin-vinyl norbomene elastomeric polymer. The effidency of\iayl norbomene in 
providmg high cross link density with peroxide vulcanization also generally pemuts a 
reduction in the overall diene level necessary to generally attain the same cure state as 
etlQrlidene norbomene based elastomeric polymers. This results in enhanced heat a^g 
performance, generally owing to lower diene incorporation. This unique combination 
of improved properties including improved compression set, unproved processability, 
lower peroxide usage and enhanced heat aging, are generally the benefits provided by 
etl^Ime, alpha-olefin, vinyl norbomene elastomeric pofymers compared to 
commerdally available ethylene, alpha-olefin, diene monomer elastomeric polymers 
which include conventional non-conjugated dienes such as 5-ethyBdene-2-noTbomene 
(ENB), 1,4-hexadiene. 1,6 octadiene, 5-methyl-l,4 hexadiene, 3,7-dimethyl-l,6- 
octadiene, or the like (when mcluded in ethylene, alpha-olefin, dime monomer 
elastom^c polymers) including terpolymers or tetra polymers. 

For the fabrication of translucent TPEs, where lack of haze is of unportance, 
the preferred ranges of the elastomeric polymer are in the range of fi^om 70 to 90 mole 
percent ethylene, and in the range of from 0.2 to 1.5 mole percent vinyl norbomene, 
preferably 0.4 to 1.5 and a range of Mooney viscosities from 20 (ML) to 60 (MST). 
These ranges generally provide a refractive index matclung the ^diotactic 
polypropylene phase. 

Method of Producing Ethylene. A lpha-Olefin. Diene Monomer Eiflstomi.rir 
Polymer Component 

Ziegler polymerization of the exocyclic double bond of vinyl norbomene 
incorporated in the elastomeric polymer backbone is generally believed to produce a 
highly branched ethylene, alpha-olefin, diene monomer elastomeric polymer. This 
method of branching permits the production of such etiqiene, alpha-olefin. diene 
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monomer elastomeric polymer substantially free of gel, which would normaUy be 
associated with cationically branched ethylene, alpha-olefin, diene monomer 
elastomeric polymers containing, for instance 5-ethylidene-2-norbomene, as the (diene) 
tennonomer. The synthesis of substantially gel-free ethylene, alpha-blefin, diene 
5 monomer elastomeric polymer elastomers containing vinyl norijomene is discussed in 
Japanese laid open patent applications JP 151758, and JP 210169, which are 
incorporated herein by reference for purposes of U.S. patent practice. Preferred 
embodiments of the syntiiesis disclosed m these documents is described below. The V 
resulting elastomeric polymer is expected to have a M^/Mn greater than 6, and a / 
10 branching index less than 0.5. Other polymerization catalysts such as tiie metalloceneX 
type metallocene-alumoxane or metallocene-ionic activator catalysts can be used for 
applications, where a high level of branching may not be desirable. 

Preferred embodiments of the aforementioned docum«its to ^theaze 
polymers suitable for certain embodiments of our invention are described below: 
15 The catalysts used are VOCI3 (vanadium oxytrichloride) or VCI4 (vanadium 

tetrachloride). The co-catalyst is chosen from 

(i) ethyl aluminum sesqui chloride (SESQUI), 

(ja) diethjd ahimimim chloride (DEAC) and 

Ciii) equivalent mixture of diethyl aluminum chloride and triethyl aluminum 
20 (TEAL). 

As shown in Figure 1, the choice of co-catalyst influences the compositional 
distribution of the polymer. The polymerization is preferably carried out in the 
presence of a solvent in a continuous stirred tank reactor at 20-65* C at a residence 
time of 6-15 minutes at a pressure of 7 kg/cm2. The concentration of vanadium to 

25 alkyi is from 1 : 4 to 1:10. 0.2 to 1.5 kg of polymer is produced per gm of catalyst 
fed to the reactor. The polymer concemration in the hexane solvent is in the range of 3 
- 8 percent by weight. Other catalysts and co-catalysts contemplated are discussed in 
the two Japanese laid open patent applications incorporated by reference above. 
The resulting polymers has the following molecular characteristics: 

30 The intrinsic viscosities measured in decalin at 135* C were in the range of 1 - \^ 

3dl/g. The molecular weight distiibution(M,yMJ is greater than or equal to 6. The 
branching index was in the range 0. 1 - 0.3. r 
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The relative degree of branching in ethylene, alpha-olefin, diene monomer 
elastomeric polymers is deteimined using a branching index factor (BI). Calculating 
this factor requires a series of three laboratory measurements! of polymer properties in 
sohitions. These are: 

5 (i) Mw. opc LALLs, weight average molecular weight measured using a low angle 

laser light scattering (LALLS) technique in combination with Gel Pemeation 
Chromatography (GPC) 

Cii) weight average molecular weight (Mw.dri) and viscosity average 
molecular weight (Mv.dri) using a differential refractive index (DRI) detector in 
10 combination with GPC and 

(iii) intrinsic viscosity (TV) measured in decalm at 135* C. The first two 
measurements are obtained in a GPC using a filtered dilute solution of the polymer in 
trichlorobenzene. 

An average branching index is defined as: 
Nt M 

^yVcPC LALLS X"^ GPC DRI 

where, Mv,br = kOV)!'*; 

and 'a' is the Maric-Houwink constant (= 0.759 for ethylene, propylene diene 

20 elastomeric polymers in decalin at 135" C). 

From equation (1) it follows that the branching mdex for a linear polymer is 
1.0. and for branched polymers the extent of branching is defined relative to the Imear 
polymer. Since at a constant N4„. (M^X^ > QJLy,)^ BI for branched polym«s is 
less than 1.0. and a smaller BI value denotes a higher level of branching. BI values of 

25 the ethylene, alpha-olefin, diene monomer elastomeric polymers of certain 

embodunents of our invention will be below 1 . preferably below 0.6, more preferably 
below 0.4. most preferably below 0.3. It should be noted that this method indicates 
only the relative degree of branching and not a quantified amount of branching as 
would be determined using direct measurement, i.e. NMR. 


EnSSSS.°?SJ-H ^^'^^ Hastomeis-. Encyclopedia rfPnlvmer Sci«.«. ,nH 
Ennneennp 6, 2iid edition, (1986) 
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The synthesis of ethylene, alpha-olefin-vinyl norbomene polymers were 
conducted both in a laboratory pilot unit (output 4 Kg/day) and a large scale semi 
works unit (output one ton/day). 

MetaUocene catalysis of the above monomers is also contemplated including a 
compound capable of activating the Group 4 transition metal compound of the 
invention to an active catalyst state is used in the invention process to prepare the 
activated catalyst. Suitable activators include the ionizing noncoordinating anion 
precursor and alumoxane activating compounds, both well known and described in the 
field of metallocene catalysis. 

Additionally, an aaive, ionic catalyst composition comprishig a cation of the 
Group 4 transition metal compound of the invention and a noncoordinating anion 
result upon reaction of the Group 4 transition metal compound with the ionizing 
noncoordinating anion precursor. The activation reaction is suitable whether the anion 
precursor ionizes the metaflocene, typically by abstraction of Ri or R2, by any 
methods inclusive of protonation, ammonium or caibonium salt ionization, metal 
cation ionization or Lewis acid ionization. The critical feature of this activation is 
cationization of the Group 4 transition metal compound and its ionic stabilization by a 
resulting compatible, noncoordinating. or weakly coordinating (included in the term 
noncoordinating), anion capable of displacement by the copolymerizable monomers of 
the invention. See, for example, EP-A-0 277,003, EP-A-0 277,004, U.S. Patent No. 
5,198,401, U.S. Patent No. 5,241,025. U.S. Patent No. 5,387,568, WO 91/09882. 
WO 92/00333, WO 93/1 1 172 and WO 94/03506 which address the use of 
noncoordinating anion precursors with Group 4 transition metal catalyst compoimds, 
their use in polymerization processes and means of supporting them to prq)are 
heterogeneous catalysts. Activation by ahimoxane compounds, typically, alkyl 
alumoxanes, is less well defined as to its mechanism but is none-the-less well known 
for use with Group 4 transition metal compound catalysts, see for example U.S. Patent 
No. 5,096,867. Each of these documents are incorporated by reference for purposes 
of U.S. patent practice. 
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Other TPE Ingredients 

The TPE can contain reinforcing and nonreinfordng fille^^c oxide, 
antioxidants, stabilizers, rubber processing oils, plasticizers, lubricaiits(for example, 
oleamide), anti-blocking agents, anti-static agents, waxes, coupling agents for the 
5 fillers, foaming agents, pigments, flame retardants, and other processing aids, fiUers 
and the like, known to those of ordinary skill in the art. The pigments, fillers and other 
adjuvants can comprise up to 50 weight percent of the total TPE composition based on 
the polymer components plus additives. Preferably the pigments, fillers and other^ 
components comprise 0 to 30 weight percent based on the total composition. 
10 FiUers can be inorganic fillers, such as calcium carbonate, clays, silica, talc, 

titanium dioxide, or organic carbon black, combinations thereof, and the like. Any 
type of caibon black can be used, such as channel blacks, fiimace blacks, thermal 
blacks, acetylene blacks, lamp blacks, combinations thereof and the Kke. Rubber 
process oUs have particular ASTM designations depending on whether they fell in class 
15 of paraflSnic, naphthenic, or aromatic process oils. They are derived fi^m petroleum 
fi-actions. The type of process oils utilized will be as customarily used in conjunction 
with the nibber component. The ordinary skilled person will recognize which type of 
oil should be utilized for that particular rubber. The quantity of rubber process oU 
utilized is based on the total rubber content, both cured and uncured and can be 
20 defined as the ratio by weight of the process oil to the total rubber in the TPE. This 
ratio can vaiy fi-om 0 to 2.5/1, preferably fi-om 0.2:1 to 1.0:1. more preferably fiom 
0.3:1 to 1.3:1. Laiger amounts of process oU can be used, the effect bemg generaUy 
reduced physical strength of the composition. Oils other than petroleum-based oils, 
such as oils derived fi-om coal tar and pine tar, can also be utilized. In addition to 
25 petroleum-derived rubber process oHs, organic esters and other synthetic plasticizers 
can be used. Plasticizers suitable for these compositions are covered in U.S. Patent 
5,290,886, and U.S. Patent 5,397,832 incorporated herein by reference for purposes of 
U.S. patent practice. 

Antioxidants that can be used in the fonnulations of certain embodiments of the 
30 present invention are disclosed in U.S. Patent 5, 157,081 incorporated herein by 

reference for purposes of U.S. patent practice. Organic peroxides for curing of various 
embodiments of the present invention are also disclosed in this document, as are 
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accelerators and a method of combining the elastomeric polymer or elastomers, 
crystalline or substantially ciystalline, polyolefin. 

Degree of Cure 

The term "substantially folly cured" or "substantially folly vulcanized" as used 
in the specification and claims with respect to the elastomeric polymer of the TPE, 
means that the rubber or elastomeric component of the TPE to be vulcanized, has been 
cured to a state in which its properties are substantiaUy similar to those of the rubber 
alone in its conventional highly-cured vulcanized state. The degree of cure of the 
vulcanized rubber can be described in tenns of gel content, or conversely, extractable 
components. Alternatively the degree of cure can be expressed in terms of cross link 
density. Where the determination of extractables is used as the measure of the state of 
cure, the improved thermoplastic elastomer compositions described herein are 
produced by curing the curable rubber components of the Thermoplastic elastomer 
blends to the pomt where the composition contains no more than 5 percent by weight 
of the curable rubber component extractable at room temperature by a solvent which 
dissolves the rubber which is intended to be vulcanized but has not been. The rubbers 
are preferably vulcanized to the point that the composition contains less than 4 percent 
by weight of these exu^ctables, more preferably less than 3 percent. In general, the 
less extractables in the cured rubber component the better the desired physical 
properties of the cured TPE. StiU more preferable are compositions comprising 
essentially no extractable rubber fi-om the cured rubber phase. 

Alternatively, the degree of cure as determined by the above discussed 
extractables of the elastomer portion of the TPEs of certain embodiments of the 
present invention is preferably above 95 percent, more preferably above 96 percent, 
and most preferably above 97 percent. Cure percentage may be described as 100 
percent of the elastomeric polymer content minus the amount extracted as described 
above. 

Another method of determining degree of cure is gel coritent reported as 
percent gel determined by a procedure which comprises determining the amount of 
insoluble polymer by soaking the specimen for 48 hours in organic solvent at room 
temperature and then wdghing the dried residue and making suitable corrections based 
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on knowledge of the composition. Thus, corrected initial and final weights are 
obtained by subtracting fi-om the initial weight the weight of the soluble components 
other than the rubber to be vulcanized, such as extender oils, plastidzers, and 
components of the composition soluble in organic solvent as well as the rubber 
5 component of the TPE which is not intended to be cured. Any insoluble jrigments, 
fillers, and the like are subtracted fi-om both the mitial and final weights. 

Still another measure of degree of cure is the cross link density of the rubber. 

Curative 

10 Curatives will be generally selected fi-om organic peroxides. Peroxide 

concentration (in a dynamically vulcanizable TPE) will generally be in the range of ' 
from 1x10-4 mole to 2x10-2 mole per hundred parts of rubber, preferably between 
2x10-4 to 2x10-3 mole and more preferably 7x10-* mole to 1.5x10-3 mole per hundred 
parts of rubber. Examples of organic peroxide are di-tert-butyl peroxide, dicumyl 
1 5 peroxide, t-butylcumyl peroxide. a.a bis(tert-butylperoxy)diisopropyl benzene, 2,5 
dimethyl 2,5-di(t-butylperoxy)hexane, l,l-di(t-butyiperoxy)-3, 3,5-trimethyl 
cydohexane, n-butyl-4. 4-bis(tert-butylperoxy) valerate, benzoyl peroxide, lauroyl 
peroxide. dUauroyl peroxide, 2.5-dimethyl.2, 5-di(tert-butylperoxy) hexene-S. and in 
general diaiyl peroxides, ketone peroxides, peroxydicarbonates, peroxyesters. dialkyl 
20 peroxides, hydroperoxides, peroxyketals and combinations thereof 

Azo initiators such as Luazo® AP (avaflable fi-om ATO Chemical) may also be 
used as free radical initiators. In addition to the peroxide, other cure adjuvants or 
coagents can be used. Examples are triallyl cyanurate, tiiaUyl isocyanurate, txiaUyl 
phosphate, suMur, N-phenyl bis-maleamide, zinc diacrylate, zinc dimethacrylate, divinyl 
25 benzene, 1,2 polybutadiene, ttimethylol propane trimethacrylate, tetramethylene glycol 
diacrylate, trifimctional acrylic ester, dipentaerythritolpentacrylate, polyfimctional 
acrylate. polyfimctional metacrylates, acryiate and methacrylate metal salts, oximerfor 
e.g. quinone dioxime. In order to maximize the eflBciency of peroxide/coagent 
crosslinking the mixing and dynamic vulcanization are carried out in a nitrogen 
30 atmosphoe. • 

In order to minimize the scission reaction of polypropylene in the presence of 
peroxides, the coagents described above namely sulfiir, triallylcyanurate and 
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triallylphosphate may be mixed with the polypropylene in a separate step to form a 
master batch. This master batch is then used to make the dynamically vulcanized TPE 
using peroxide curatives and additional coagents if necessary. This mixing practice is 
discussed in U.S. Patent 4,087,485, incorporated herein by reference for purposes of 
5 U.S. patent practice. 


Fabricated Articles 

Fabricated articles made from the thermoplastic elastomers of certain \ 
embodiments of the present invention include, without limitation, lens gaskets, food 
10 contact materials/containers, medical devices, tubing, seals, automotive components, 
bellows, boots, airbag door covers, instrument panel skins and extruded profiles. 

Test Methods 

TPE and molded article properties cited in the specification are determined in 
1 5 accordance with the following test methods: 


Property 

Units 

Procedure 

Hardness 

Shore A 

ASTMD2240 

Stress at 100% elongation 

MPa 

ASTMD412 

Tensile Strength 

MPa 

ASTMD412 

Elongation at Break 

% 

ASTMD412 

Tension Set 

% 

ASTMD412 

Compresaon Set (22 hrs. at 100° C) 

% 

ASTMD39SB 




Weight Change 

%* 

ASTMD471 

Compression Stress Relaxation 

s-1 

outlined below® 

Moisture Uptake 

% 

(see Figure 2) 

Chemical Resistance (Kfass Uptake) 

% 

ASTMD 471-79 


* Fluid ASTM #3 (24 hours at 125^ C.) 

® a compression molded button or die cut molded placques are used to obtain the 
dimensions of test sample: 
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Diameter: 0.710+/- 0.010 in. 
Thickness: 0.500 +/- 0.015 in. 
Defonnation applied: 25% of original thickness 
Rate of Deformation: 10in./min 
5 Test Duration: 30 min. 

Relaxation rate: 1 . Obtain stress versus time data 

2. Plot log stress versus log time 

3 . Do linear regression fit and obtain slope 
The obtained slope is a measure of the stress relaxation behavior of the material. A 

1 0 small slope is an indication of better sealing capability, 

Examoles 1-S 

A number of formulations are compounded using peroxide and coagent cure 
systems. The control is Santoprene® 201-64 (Monsanto Company), phenoUc resin 
1 5 cured (Example 5). The Santoprene material is chosen as a control because it exhibits 
very good "fiiU" cure and resulting relatively low compression set. Example 1 utilizes 
Vistalon® 4608 available from Exxon Chemical Company, which has a nominal 
ethylene coment of 48 weight percent and a nominal ethylidene norbomene content of 
3.3 weight percent. The other formulation and ingredients are shown in Table I. In 

20 Example 2, the same formulation is used substituting only Vistalon® 8600 also 

available from Exxon Chemical Company. Vistalon® 8600 has a nominal ethylene 
coment of 51 weight percem and a nominal ethyKdene noibomene content of 9 weight 
percent. Examples 3 and 4 are compounded utilizmg two different vinyl noiboraene 
containing ethylene, alpha-olefin, diene monomer elastomeric polymers. Examples 

25 contauiing a nominal 50 weight percent of ethylene and a nominal 3 weight percent 

vinyl noibomene, the remamder being propylene. Example 4, ethylene at a nominal 54 
weight percent and vinyl nori>omene at 1.6 weight percent, with the remainder being 
propylene. As can be seen from Table I, the hardness of generally aU of Examples 1 - 
5 is in the range of 60 - 68 Shore A The control or comparison. Santoprene®, has a 

30 compression set of 32 percem. Example 2 with 9 percem ethyKdene norbomene, 

shows a similar compression set at 30 percent. However, Example 1 at approximately 
3.3 weight percent ethylidene nori>omene, shows a compression set approximately 25 


BNSOOaO: •«¥»O_9700288A1_L> 


wo 97/00288 

PCTAJS96/D9903 

17 

percent higher (40 percent compression set) than the control. On the other hand. 
Example 3 contaimng vinyl norbomene at a nominal, 3 weight percent, shows an 
approximate 30 percent decrease or improvement in compression set when compared 
to the control. Example 4. containing a nominal 1.6 weight percent vinyl norbomene. 
shows approximately 15 percent reduction in compression set compared to the control. 
The type of cure system also has a substantial eflfect on moisture uptake as shown in 
Figure 2. It is significant that peroxide cure system provides a significant improvement 
in moisture uptake over the resin cure due to the absence of salt catalysts and 


resm. 


10 Examples 6-1 1 

In this series of examples, an ethylene, alpha-olefin, diene monomer 
elastomeric polymer was cured at a given level of peroxide curative and the extent of 
cure was tested as a percent cured rubber insoluble in cyclohexane at 23*» C. Example 
6 utilizes the Vistalon® 8600 of Example 2 above. Example 7 utilizes the vinyl 

15 nori)omene elastomeric teipolymer of Example 4 above. Example 8 utilizes the vinyl 
norbomene elastomeric polymer of Example 3 above. While Example 9 utilizes a 
nommal 50 weight percem ethylene and 4.9 weight percent vinyl norbomene 
elastomer. Example 10 utilizes the polymer of Example 9, but with a peroxide loading 
of twice of that of Example 9. Example 1 1 is the control, Santoprene 201-64. 
20 Table U shows that the control or Example 1 1 has a percent cured rubber of 

approximately 95 percent. WhUe the comparative example. Example 6, shows a 92 
percent cured mbber fiaction. Examples including embodiments of the present 
invention. Examples 7, 8, 9 and 1 0 show cured rabber percentages in the range of 94 
percent to 98 percent. The degree of cure also has a significant effect on stress 
25 relaxation as shown in Figure 3, where the commercial peroxide cure of TPE 
Milastomer® 6030 available fi-om Mitsui Chemical Co. is not "fully" cured. 

Examples 12.1^ 

Polymers containing three different vinyl norbomene levels (Examples 12, 13 
30 and .14 with 4.9, 3.0, and 1.6 weight percent vinyl norbomene respectively) are 

compounded and tested to deterajine the effect of vinyl norbomene level on peroxide 
cured TPEs. The results shown in Table m, indicate that with decreasing vinyl 
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norbomene content, hardness (Shore A) is slightly reduced, elongation at break 
appears to go through a maximum at 3 percent vinyl norbomene inclusion, (Example 
13) wMIe compression set increases at the lowest percentage (nominal 1 .6 weight 
percent vinyl norbomene) (Example 14). However, as shown in Figure 4. chemical 
resistance at all vinyl norbomene levels is superior to fiiUy cured TPEs, based on resin 
cure (Example IS Santoprene® 201-64). 

Examples 16 and 17 

Table IV shows typical properties of an ultra low compression set TPE based 
on the ethylene, alpha-olefin, vinyl norbomene elastomeric polymer 

The hardness of the Example 1 6 polymer (an ethylene (50 wt %), propylene 

(47.2 wt %), vinyl norbomene (2.8 wt %) elastomeric polymers) compared to the 
Santoprene®, Example 17 (control), is not substantially different. Whereas the 
compression set of the material of an embodiment of the present invoition is 
approximately 50 percert of that of the control, Santoprene®. a substantial 
improvemoit. 

Examples 18-20 

Translucent peroxide cured TPEs were formulated per copending U.S. Serial 
No. 08/206,984. In addition, other compositions were made using the polymer of this 
invention ethylene, alpha-olefin, vinyl norbomene, to get improved compression set. 
Care was taken in the selection of ethylene, alpha-olefin. vinyl noriwmene elastomeric 
polymer and polypropylene to closely match their refiactive indices. Example 18 is a 
comparative example and the elastomeric polymer contains approximately 3 weight 
percent ethyUdene nori>omene. Example 19 had a vinyl norijomene content of 
approximately 0.« weight percent. While, Example 20 had approximately 4 times as 
much vinyl nort)omene than Example 19 at 3.2 weight percem. These products have a 
Mooney viscosity. ML(l+4) @ 125 *C, respectively, of 3 1 and 42. The haze of 
Example 18 at 52 is generally bracketed by Examples 19 and 20 (57 and 47, 
respectively). While the compression set of both Examples 19 and 20 are 
approximately 12 and 25 percent less, respectively, than that of comparative Example 


^0 97m2SS PCr/US9d«)9903 

19 

18. The slight differences in haze may be due to the differences in ethylene content 
between the polymers. 


Examples 21-31 

5 Polymer of Example 1 0 is used in the preparation of carbon black or clay filled 

TPEs at different oil levels. It is shown in Table VI that highly fiUed TPEs that retain 
good phyacal properties can be prepared using ethylene, alpha-olefin, vinyl noibornene 
ekstomeric polymers. 

10 Conclusion 

Although the present invention has been described in considerable detail with 
reference to certain preferred versions thereof other versions are possible. For 
example, other levels of vinyl noibornene and other TPE formulations and 
combinations are also contemplated. Therefore the spirit and scope of the appended 
15 claims should not be Kmited to the description of the preferred versions comamed 
herein. 
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TABLE I 



Ex. 

Ex 1 

Pv 


JEx, 5* 


1 


3 

4 

Santoprene® 

Formulation 






VistalonCS) 4608, C2^ = 48% ENB"*" = 












Vistalon® 8600, C2 = 51% ENB = 

— 

100 



Control 

0 no/ 





Resin Cured 

voj:>^x>, — DUyb, VNB = 3.0% 



100 

A v/v/ 



V0374A, C2 — 54%; VNB = 1.6% 

32 



inn 


rr, isotacDC Polypropylene, MFR = 

u. / 

White Hydrotreated 





49 

40 




Oil, HT Bngntstock, PetroCanada 

1 27 

i.Z / 

1.27 

1.27 


^Vulcup® 40KE(40%), Hercules 




i.i 


TAG (50%), Perkalink® Triallvl 

0.95 

0.95 




cyanurate, AKZO 

0.95 

0.5 


IrganoxlOlO, Ciba-Gdsv 






Hardness, Shore A 

60 

65 

68 

67 

65 

Stress at 100%, MPa 

1.90 

2.34 

2.86 

2.70 

2.64 

Tensile Strength, MPa 

4.18 

5.77 

5.88 

5.52 

5.73 

Elongation at Break, % 
Tension Set, % 

327 

338 

232 

219 

315 

8 

9 

8 

8 

11 

Compression Set, % 




22 hrs. at 100*^0 

40 

30 

21 

27 

32 


♦Santoprene® 201-64 (Monsanto Co.) 


*a,a bis(tert-butylperoxy)diisopropyl benzene 
+C2 describes the ethylene content 
+ENB describes the 5-ethylidene, 2-norboraene content 
® VNB desCTibes the vinyl norbomene content 
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Composition 

Ex, 6 

Ex. 7 

Ex. 8 

Ex. 9 

Ex. 
10 

Ex, 11 

eifiyicnC) aipiia*oienn, cicne 






♦ 

iiiuiiujiicr ciasioinenc pojymcr 







/O 

52 

50 

50 

50 

50 


VNB % 


i.o 

3.0 

4.9 

4.9 









T^ormiilsitimi ^Isictrtm^n^ 

lUU 

1 f\r\ 

100 

100 

100 


nolvmof* 






Vulcup 40KJ1, pnr, Hercules 

1.27 

1.27 

1.27 

1.27 

2.54 


TAG (50%) phr 

3.3 

3.3 

3 3 




^Polypropylene, 0.7 MFR 

32 

32 

32 

32 

32 


phr 







Oil, PetroCanda, HT 

49 

49 

49 

49 

49 


BrightStock, phr 







% Cured Rubber Insoluble in 







Cyclohexane at ZS** C 

92 

94 

96 

96 

98 

95 

Compression Set, % 

30 

23 

21 

21 

20 

32 

22hrsat 100° C 






Hardness, Shore A 

65 

67 

68 

68 

72 

65 


propylene TPE, Resin Cured 
® isotactic 
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TABLE m 


Composition 

Ex. 12 

Ex. 13 

Ex. 14 

Ex. 15 

VNB 4.9 wt % 1 

VNB 3.0 wt % 2 

VNB 1.6wt%3 

isotactic polypropyler MFR 0.7, 

phr 

Oil, PetroCanada, HT 
Brightstock, phr 
Vulcup 40 KE (40%), phr 
TAC (50%). phr 
Irganox 1010, phr * 

100 
0 
0 

32 

49 

1.27 
3.3 
0.95 

0 

100 
0 
32 

49 

1.27 
3.3 
0.95 

0 

100 
32 

49 

1.27 
3.3 
0.95 

Control 

Resin Cured 
Santoprene 
® 

Hardness, Shore A 

Stress at 100% Strain, MPa 

Tensile Strength, MPa 

Elongation at Break, % 

Tenaon Set, % 

Compression Set, % 

22hrsat 100* C 

Wdght Change, % 

Fluid ASTM #3. 24 hrs @ 125" C 

70 
2.44 
4.13 
155 

7 

21 
165 

68 

2.86 
5.88 
232 
8 

21 
166 

67 
2.70 
5.52 
219 

8 

27 
176 

65 
2.64 
5.73 
395 

11 

32 
80 


*Ciba-Gtt^ 


ethylene 50 weight percent, propylene 47.7 weight percent 
ethylene 50 weight percent, propylene 48.5 weight percent 
ethylene 54 weight percent, propylene 45.3 weight percent 
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TABLE IV 



Example 16* 

Example 17 

xypicai iroperties 


Santoprene® 

Hardness, Shore A 

70 

65 

Stress @ 100%, MPa 

4.12 

2.64 

Tensile Strength, MPa 

6.45 

5.73 

Elongation at Break, % 

197 

395 

Tension Set, % 

7 

11 

Compression Set, % 

15 

32 

22 hrs at 100* C 



Weight Change, % 

123 

80 

ASTM #3, 24 hr 125° C 




♦ formulation containing 1) an ethylene (50 wt %), propylene (47.2 wt %), vinyl 
norbomene (2.8 wt %) elastomeric polymer, 100 parts; isotactic polypropylene, 41 
parts per hundred nibber (phr); HT Brightstock. 75 phr; IrganoxlOlO, 1.0 phr; Clay. 
42 phr; Vul-cup 40KE, 2.36 phr; Perkalink 300-50D, 3.30 phr. 


TABLE V 



Ex. 18 

Ex. 19 

Ex.20 

Elastomeric Polymer 




C2 % (wt) 

75 

77 

72 

VNB%(wt) 


0.8 

3.2 

ENB%(wt) 

3.0 



ML (1+4) at 125° C 

37 

31 

42 

Elastomeric Polymer 

100 

100 

100 

Syndiotactic Pofypropylene, MFR 2 

32 

32 

32 

Vulcup R, Hercules 

0.51 

0.51 

0.51 

Triallyl Isocyanurate 

1.65 

1.65 

1.65 

Properties 

Haze, % 

52 

57 

47 

Hardness, Shore A 

89 

89 

82 

Stress @ 100% Strain, MPa 

4.58 

4.39 

4.87 

Tensile Strength, MPa 

11.73 

9.97 

10.98 

Elongation at Break, % 

416 

325 

258 

Tension Set, % 

37 

42 

27 

Compression Set, % 



22hrsat lOO'C 

46 

41 

35 
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CLAIMS ; 
We Claim: 

1. A thermoplastic elastomer comprising: 

a) an elastomeric polymer; 

b) a thermoplastic; and 

c) a curative; 

wherein said curative is present in said thermoplastic elastomer in an amount 
effective to yield a cure level of said elastomeric polymer of at least 95 percent, 
preferably at least 97 percent, characterized in that said elastomeric polymer is an 
ethylene, alpha-olefin, vinyl noibomene; 

wherein said elastomeric polymer has a Mw/Mn greater than 6. preferably above 
10; and 

wherein said elastomeric polymer has a branching index below 0.6. 

2. The thermoplastic elastomer of Claim 1 wherein compression set does not 
exceed 28 percent, preferably, wherein compression set does not occeed 27 
percent, more preferably wherein compression set does not exceed 25 percent 
(compresaon set B, 22 hours at lOCC). 

3. The thermoplastic elastomer of Claim 1 wherein said alpha-olefin is 
selected from the group consisting o^ propylene, hexene-1, octene-1, and 
combinations thereof 

4. The thermoplastic elastomer of Claim 1 wherein said elastomeric polymer 
includes: 

said ethylene in the range of fi-om 40 to 90 mole percent, preferably 
in the range of from 50 to 90 mole percent, more preferably in the range of 
from 50 to 85 mole percent; 
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said vinyl norboraene in the range of from 0.2 to 5 mole percmt, 
preferably in the range of from 0.2 to 4 mole percent, more preferably in 
the range of from 0.4 to 1 .5 mole percent, and 

said alpha-olefin in the range of from 10 to 60 mole percent, 
preferably in the range of from 50 to 10 mole percent, more pref^^ly in 
the range of from 50 to 15 mole percent, said mole percents based on the 
total moles of the polymen and 

wherdn said elastoiheric polymer has a Mooney viscoaty in the 
range of from ML (1+4), 125«' C of 10 to a MST (5+4) @ 200*C of 90, 
preferably in the range of from ML (1+4), 125* C of 15 to a MST (5+4) @ 
200°C of 70, more preferably in the range of from ML (1+4), 125° C of 20 
to a MST (5+4) @ 200*0 of 60; and a branching index below 0.4, 
preferably below 0.3 and wherein said cure level of said elastomeric 
polymer exceeds 96 percent; and 

wherein said curative is a curative system inchiding a, a-bis (tert- 
butylperoxy) diisopropyl benzene and triallyl cyamiratt. 

A thermoplastic elastomer compriang: 

a) an ethylme. alpha-olefin, vinyl norbomene elastomeric polymer, said 
elastomeric polymer including: 

0 in the range of 70 to 90 mole percent ethylene; 
//■) in the range of from 0.2 to 1.5 mole percent vinyl noiboraene, and 
Hi) in the range of from 10 to 30 mole percent of stud alpha-olefin, 
said mole percents based on the total moles of the elastomeric copolymer, 
wh^ein said elastomeric polymer has a lAJMa above 6, prrferably above 
10, and a branchmg index bdow 0.6, preferably below 0.4, more preferably 
below 0.3; 

b) a thermoplastic selected from the group consisting of homopolymers 
and copolymers of propylene, pol>^utylene, homopolymers and 
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copolymers of ethylene, polyethylene terephthalate, polybutylene 
terephthalate, polyamides, and mhctures thereof; and 

c) a curative; 

d) a coagent; and 

wherein said curative and said coagent are present in said thennoplastic 
elastomer at an amount eflFective to yield at least 95 percent cured elastomeric, 
preferably at least 96 percent cured elastomeric polymer. 

6, Use of the thermoplastic elastomer of Claim 5 as a lens gasket. 

7. A thermoplastic elastomer comprising: 

a) an ethylene, propylene, vinylnorbomene elastomeric polymer, 
wherein: 

0 said ethylene is present in the range of from 50 to 85 mole 
percent; 

ii) said vinyl noibomene is present in the range of from 0.4 to 1.5 
mole percent; 

///) said propylene is present in the range of from 15 to 50 mole 
percent; 

said mole percents based on the total moles m said elastomeric 
polymer; 

/v) said elastomeric polymer has a ML(l+4) at 125^ C above 20, 
and a MJM^ above 6, preferably above 10; a MST(5+4) at 200^ 
C below 60 and a branchmg index below 0.6; and 

b) a thennoplastic selected from the group consisting of polypropylene 
and blends of polypropylene, said thermoplastic having: 

0 a MFR in the range of from 0.1 to 30 dg/min; and 

c) a curative system, said curative system including a,a-bis (tert- 
butylperoxy) diisopropyl benzene and triallyl cyanurate; 

wherein; 
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said thermoplastic is present in said thermoplastic elastomer in the range of 
from 20 to 100 per hundred parts of said elastomeric polymer, 
wherein said a,a-bis (tert-butylperoxy) diisopropyl benzene and triallyl cyanuiate is 
present in said thermoplastic elastomer in the range of from 7x10-* to 1.5x10-3 
mole per hundred parts of said elastomeric polymer; and 

wherein said thermoplastic elastomer has a cured polymer portion 
exceeding 95 po-cent. 

8. In a method for preparing a thermoplastic elastomer comprising: 

a) masticating 

i) an elastomeric polymer, 

if) a thermoplastic present in said thermoplastic elastomer in 
the range of from 10 to 900 parts per hundred parts of said 
elastomeric polymer; and 

Hi) a curative, said curative b«ng present at a level to cure said 
elastomeric polymer to above 95 percent, said masticating 
earned out for a sufficient time to obtain a substantially 
homogoieous mixture; 

b) adding a cure activator; and 

c) masticating a product of (a) and (b) at a temperature and for a time 
sufficient to yield 95 percent or greater cure of said elastomeric polymer 
charaaerized in that said elastomeric polymer is an ethylene, alpha-olefin, 
vinyl norbomene elastomeric polymer, 

said elastomeric polymer has a Mw/Mn above 6, preferably greater than 10, 
and a branching mdex below 0.6, preferably below 0.4, more preferably 
bdow 0.3. 

The method of Claim 8 wherein sdd elastomeric polymer includes: 

i) said ethylene in the range of from 40 to 90 mole percent; 

it) said vinyl norbomene in the range of from 0.2 to 5 mole percent; 
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Hi) said alpha-olefin in the range of from 1 0 to 60 mole percent; said 

mole percents based on the total moles of said elastomeric polymer, 
wherdn said thermoplastic is polypropylene; 

wherein said curative is a, a, bis (tert-buUylperoxy) dusppropyl benzene; 

5 and 

wherein said cure activator is trialljd cyanurate. 

1 0. The method of daim 8 wherein said elastomeric polymer has a Mooney 
viscosity in the range of from ML (1+4) at 125« C of 20 to MST (5+4) @ 200*'C 
10 of 60. 


15 


20 


1 1. The method of claim 10 wherein said curative is present in said 
thermoplastic elastomer in the range of from 7 X 10-4 mole to 1.5 x 10-3 mole per 
hundred parts of said elastomeric polymer. 

1 2. The method of claim 1 1 where is said polypropylene is presem in said 
thennoplastic elastomer in the range of from 20 to 1 00 parts per hundred parts of 
said elastomeric polymer, wherein said method is earned out in an inert 
atmosphere. 

13. The thermoplastic elastomer of claims 1, 5, or 7 wherein: 

a) an ethylene, propylene, vinyhiorbomene elastomeric polymer, 
wherein: 

i) said ethylene is present in said polymer in the range of from 50 
25 . to 85 mole percent; 

ii) said vinyl norfoomene is presoit in said polymer in the range of 
from 0.4 to 1.5 mole percent; 

Hi) said propylaie is present in the range of from 1 5 to 50 mole 
percent; 
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said mole percents based on the total moles in said elastomeric 
polymer, 

iv) said elastomeric polymer has a ML(l+4) at 125** C above 20 

and a MST(5+4) at 200* C below 60; and 
vij said elastomeric polymer has a My/Mj^ above 10; 

b) a thermoplastic selected from the group consisting of polypropylene 
and blends of polyprof^loie, said thermoplastic having: 

/) a MFR in the range of from 0. 1 to 30 dg/min; and 

c) a curative system, said curative system including a,a-bis (tert- 
butylperoxy) diisopropyl benzene and triallyl cyanurate; 

who-dn; 

said thermoplastic is present in said thermoplastic elastomer in the range of 
from 20 to 100 per hundred parts of said elastomeric polymer, 

wherem said a,a-bis (tert-butylperoxy) diisopropyl benzene and triallyl 
cyanurate is present in said thermoplastic elastomer in the range of from 7x10-* to 
1.5x10-3 mole per hundred parts of said elastomeric polymer, and 

wherein said theimoplastic elastomer has a cured polymer portion 
exceeding 95 percent. 
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